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Description
TECHNICAL FIELD

[0001] The invention relates to the production of salt containing sodium chloride and other mineral components found
in seawater, and preferably having a substantial content of potassium chloride. The invention includes a process with
steps improving the organoleptic properties of the obtained salt, which can be provided having a low sodium content as
compared to regular table salt, and provides beneficial trace mineral components.

BACKGROUND ART

[0002] Crystallisation of table salt is a traditional method for production of almost pure sodium chloride salt. Usually
a brine is made from underground salt mines (solution mining) and evaporated to saturation of sodium chloride with
subsequent crystallisation. Other minerals in the brine are purged out of the system. Because of increased emphasis
on lower sodium diets, several methods have been developed for production of low sodium salts mostly by substituting
sodium with potassium chloride and magnesium salts.

[0003] Salt consumption is generally considered too high, in the Western world in particular. Saltis used as preservative
and taste enhancer, especially in processed food. A high salt intake (i.e. intake of sodium chloride) can increase risk of
hypertension, circulation disorders and have other negative effects on health. Further, when excess salt is secreted this
causes a burden on the kidneys and increased secretion of other essential minor trace mineral, which can lead to a lack
of such minerals. Accordingly, a reduced consumption of salt is desirable.

[0004] WO 86/05954 describes amineral saltcomposition produced by controlled evaporation of sea water, fractionated
precipitation of sodium chloride and recovering the remaining dissolved mineral salts from the mother lye, e.g. by spray
drying, The disclosure focuses on the importance of trace minerals but does not discuss how to prevent bitter taste of
other components than sodium chloride.

[0005] In WO 90/00522 a method is disclosed for production of sodium reduced salt, wherein the sodium chloride is
wholly or partly replaced by double salt of potassium compounds and magnesium compounds. The salt is obtained by
evaporation of a solution of the salts to dry solids.

[0006] WO 92/16117 describes a method for producing a salt mixture of sodium chloride, potassium chloride, mag-
nesium and trace salts by spray drying.

[0007] In WO 93/18668 a production of a mixed salt by instant drying is described.

[0008] US 7,621,968 describes a step-wise process for producing a low-sodium salt where a first amount of natural
seawater is exposed to sunlight such that an amount of the water is evaporated and an amount of sodium chloride is
crystallised. A second amount of seawater is added to the remaining brine and from this diluted brine, salt is crystallised
having a sodium chloride content of no more than 70 wt%.

[0009] WO9318668 discloses a salt product comprising particles of NaCl, K/Mg-double salts and optionally KCI ho-
mogeneously distributed throughout each particle and having a molar ratio of K to Mg equal to or greater than one. This
method is based on instantaneous drying of a salt slurry having the desired composition, using drum drying as the
preferred method.

[0010] A problem with many low-sodium salt and raw sea salt products is a bitter taste, because of magnesium and
calcium compounds.

[0011] Sea saltis in fact not a clear term in the art as it both refers to salt obtained by fully evaporating sea water,
leaving as solid residue all the salts from sea water, and also sodium chloride salt obtained from sea water, but not
including the other residual salts. The benefits of providing all salt components from seawater is that thus nutritionally
beneficial minerals are provided including beneficial trace minerals. However, as mentioned, products obtained by full
evaporation of sea water have an unpleasant taste, not readily interchangeable with table salt.

[0012] Further commercially useful methods would be much appreciated, for providing low-sodium salt with a nutri-
tionally beneficial salt profile and good organoleptic properties.

SUMMARY OF INVENTION

[0013] The invention relates to the production of a salt with precipitation of a mixture of sodium chloride, potassium
chloride and blend crystals (double salts) of potassium chloride and magnesium chloride (carnalite) and potassium
chloride and magnesium sulphate (cainite). The invention provides a new process based on recirculation of brine from
sea water and accumulation of trace minerals in a "mother liquor" to obtain substantially an equilibrium state where trace
minerals from sea water are enclosed in the moisture in the salt.

[0014] The salt provided by the invention has the advantages of providing beneficial trace mineral components found
in sea water but not having the metallic and bitter taste, often associated with low sodium salts.
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[0015] Whereas conventional processes for precipitating salts from sea water are generally "linear" i.e. the brine is
treated through several steps where different components of the brine are crystallised out so that different salts are
obtained at different steps. In such a system sodium chloride would be separated at a brine density approx. 1,22-1,30
g/mL and a mixture of sodium chloride and potassium-magnesium double salts at density >1,3. Each step is different
in brine composition from the others.

[0016] In contrast thereto, the process of the present invention is based on one-step crystallisation of all components
in an evaporating-crystallisation system. By acquiring a saturated brine in mother liquor in regard to all main components
in the system the composition of the crystalline material exiting the system is substantially the same composition as the
brine entering the system. When the process is operating regularly (i.e. after any initial startup) there is no increase or
decrease in composition in the mother liquor, where all components are either saturated or have reached a steady state
concentration. The trace minerals will accompany the humidity of the crystalline material, and after aquiring a steady-
state condition, in the same proportions as in the incoming brine. The composition of the incoming brine is however
different from the mother liquour, as concentration builds up in the mother liquor. This means that components that are
removed from the mother liquour are to be recycled back in order to keep the compositon constant. The volume and
temperature within the crystalliser should also be kept constant for the system to function optimally. To summarise the
composition of the product can be guranteed to be the same as the composition of the feed including all main salts and
trace minerals. No purge is necessary from the system. The final concentration of the mother liquor is based on solubilities
of different salts and on material balance of the trace minerals.

[0017] According to the invention, a process is set forth for preparing a salt product derived from sea salt, comprising
trace minerals from sea water. As will be appreciated, the content (composition) of trace minerals in the salt product will
preferably substantially reflect the composition of said trace minerals in sea water.

[0018] In certain preferred embodiments the salt product has a reduced sodium content as compared to regular table
salt. In this context, "reduced sodium content" generally refers to a salt which is not pure or substantially pure sodium
chloride. Preferably the reduced sodium content salt of the invention has less than about 70 wt% sodium chloride and
more preferably less than about 65 wt%. Preferably, the salt product fulfils requirements set forth by European legislation
and the USFDA for products with reduced content of sodium chloride.

[0019] The process generally includes the steps of providing a concentrated brine from seawater. The brine is con-
centrated by evaporation and in the process CaSQO, (gypsum) is precipitated. By seeding with gypsum particles scaling
in the equipment is prevented and the precipitated gypsum is removed in a particle separator. The brine is typically
concentrated to a salt concentration in the range of about 5-35 wt% (or up to saturation concentration) such as in the
range of about 15-20% dissolved salts. In some preferred embodiments, the concentrated brine is mixed with potassium
chloride, either being provided as solid or as concentrated brine, and the mix is transferred to a crystalliser unit.
[0020] Liquid is evaporated from the crystalliser such that crystals form, in a continuous homogeneous process, the
crystals are transferred from the crystalliser through a wash unit where they are rinsed such that the concentrated mother
liquor that inevitably comes along with the crystals is rinsed off and this excess liquid is returned to the crystalliser with
the rinsing liquid, the rinsing liquid being suitably a portion of the concentrated brine, which is transferred as a counter
current through the wash unit. This ensures recycling of trace minerals that are not part of the salt product (in humidity
or trapped as crystal water) and dissolved magnesium salts which cause bitter taste.

[0021] The rinsed crystals are further transferred to a separating unit, which can suitably be a centrifuge, cyclone or
other functionally equivalent separating device. In the separating unit excess liquid is separated and transferred back
to the crystalliser unit, and the salt crystals are removed from the separating unit and may be dryed to remove further
water, obtaining crystals that preferably have no more than 2 wt% moisture.

[0022] The inventive process is characterised by recycling of the brine from which the salt crystallises, thus all main
ingredients of the mixed input brine reach substantially saturation or a steady equilibrium concentration in the mother
liquor in the crystalliser. These will then precipitate as crystals, as more of the respective substances get added to the
mother liquor through inflow of mixed input brine. Importantly, none of the liquor is purged out of the system as in
conventional salt crystallisers. The trace minerals will accumulate in the mother liquor to a steady state, where the
concentration in the mother liquor times the outflow of mother liquor that accompanies the salt produced (as crystal
water and moisture) equals the inflow of trace minerals in the feed. As washing of the produced salt is an important part
of the process to avoid bitter taste from the mother liquor drying on the surface of the salt crystals, a part of the trace
minerals will be washed back to the crystalliser, however, as all washing liquid (rinsing liquid) is retransferred to the
crystalliser, material is not lost out of the system with the washing. Regulation of the washing factor (washing ratio) is
applied to secure a substantially constant content of trace minerals.

[0023] The crystalliser can essentially be of any conventional type, including but not limited to an open air crystalliser,
a forced circulation crystalliser, a falling film crystalliser, an induced circulation crystalliser, and a draft tube baffle crys-
talliser. The crystalliser can be a single unit crystalliser but can also in other embodiments comprise a double unit
crystalliser, with an evaporator crystalliser combination, wherein through temperature and heating control, evaporation
takes place in an evaporation unit and the mother liquor flows into the crystalliser unit which is kept at a lower temperature,
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to maintain crystallisation.
[0024] The invention can be used for production of any mixtures of salts in one step where simultaneous crystallisiation
is required, in order to obtain crystall/co-crystall particles of substantially homogenous composition.

BRIEF DESCRIPTION OF FIGURES
[0025] Figure 1 shows a schematic illustration of a system of the invention.
DETAILED DESCRIPTION

[0026] A preferred salt product produced with the invention is referred to herein as "life salt", which is a unique product
produced by addition of potassium chloride to a brine solution which is obtained by evaporation of seawater. This brine
comprises the feed for the process of the invention. The potassium chloride can be made e.g. by evaporation of geothermal
brine and fractional crystallisation of potassium chloride from it. In other embodiments solid potassium chloride is obtained
commercially. The content of the salt product can be suitably controlled so as to substantially supply all the main minerals
needed to the human body, as seawater contains essentially all the same minerals that are present in human blood.
The addition of potassium chloride is beneficial for making a low-sodium product, i.e. replacing part of the sodium content
from the salt composition in the sea water, which is vital for minimizing the high sodium intake, a health concern in
particular in western societies.

[0027] The salt products according to the present invention can be used as regular table salt and can replace salt in
any conventional food products and nutritional products, such as in butter, cheese, processed meats, snacks, etc., as
well as a water binding agent, ingredient in sport and health beverages, as excipient in medicaments, and more.
[0028] The formation of K/Mg double salts in the process of the invention is advantageous as the double salts have
low hygroscopicity compared to single salts of magnesium and affect the taste of the obtained salt product.

[0029] In preferred embodiments, the salt produced with the invention contains at least 2 wt% potassium chloride but
preferably at least about 10 wt% and more preferably at least about 20 wt% potassium chloride and yet more preferably
at least about 25 wt% potassium chloride, such as at least about 30 wt%.

[0030] In other embodiments, the salt according to the invention has a mineral profile more resembling the salt profile
of seawater, comprising in the range of about 2-4 wt% KCI, in the range of about 60-75 wt% NaCl, in addition to the
other minerals found in sea water, magnesium (dominantly as magnesium chloride and magnesium sulfate), calcium,
and further minor constituents.

[0031] In contrast to conventional salt crystalliser systems, there is no purge of brine at any stage, but rather the brine
is re-circulated, thereby increasing the concentration of more soluble salts and those minerals found in low concentration
in the initial brine, in the crystalliser mother liquor, until essentially a steady state is reached.

[0032] The starting material in the process is concentrated brine, which is typically seawater which has been concen-
trated.Gypsum is removed from the source sea water typically by conventional seeding technique, which amounts to
3-4%, before final evaporation to obtain the concentrated brine.

[0033] The starting material brine is concentrated to a salt concentration preferably in the range of about 5-30 wt%,
such as typically in the range of about 15-30 wt%, and more preferably in the range of about 25-30 wt%. The specific
concentration of the brine at the start of the process may depend on specific conditions, what means are available for
evaporation, etc. In the embodiments where a salt with substantial potassium content is desired, potassium chloride is
mixed in with the brine, the potassium chloride is preferably added as a solid to the brine. The amount and concentration
of potassium chloride added to the initial brine will depend on the desired final concentration of potassium chloride and
desired ratio of potassium to sodium in the final product.

[0034] During an initial startup phase when a system and process of the invention is started, such as when starting a
new system, or re-starting a system after emptying and cleaning, etc. the concentration of minor components and trace
components builds up in the mother liquor in the crystalliser. These compounds cannot escape from the crystalliser but
along with the formed crystals that are passed through the washing column to the separation unit. Some mother liquid
will inevitably come along with the crystals into the washing column, generally on the order of about 65 wt% of the total
mass flow.

[0035] However, by passing a rinsing liquid which can be at least a portion of the mixed brine through the wash unit
as a washing counter current rinsing the crystals, the liquid that is passed along with the crystals to the separation unit
is diluted, by how much depends on how much of the mixed brine is passed though the washing column, i.e. the dilution
factor of the liquid which comes along with the crystals from the crystalliser. Thus, a substantial portion of the material
in the mother liquid that initially enters the wash unit with the crystals is transferred back to the crystalliser. This reduces
the concentration of minor minerals on the surface of the wet crystals, which will positively affect the organoleptic
properties of the crystals and reduce a bitter taste of the obtained salt, which can result when excess mother liquor with
high concentration of magnesium salts dries on the salt crystal surfaces. Generally, in the range of 1 to 100 % of the
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concentrated brine is transferred through the wash unit to the crystalliser, such as in the range of 1-80% or in the range
of 1-50%, and more preferably in the range of about 1-20%, such as in the range of about 2-20%, or more preferably in
the range of about 2-10%, such as about 2%, about 5% or about 10%.

[0036] In other embodiments, water or a salt solution such as a sodium chloride solution, can be used as rinsing liquid,
for washing the crystalls that are transferred from the crystalliser to the separating unit.

[0037] Note that the wash unit is not limited to washing columns as other washing/rinsing arrangements are possible
as well, such as a conveyor tube or the like.

[0038] A "washing factor" (dilution factor) parameter is defined which is the ratio between volume of liquid passed
through washing column as counter current washing liquid versus the volume of mother liquor that enters along with
crystals the washing column. The washing factor is controlled by controlling the flow rate and amount of brine fed through
the washing column. The washing factor is generally in the range of about 0,5-50, such as in the range of 0,5-25 and
more preferably in the range of about 0,5-10 such as in the range of 1-10, or more preferably in the range of 1-5, such
as about 1, about 2,5 or suitably about 5.

[0039] The wet and rinsed crystals that exit the crystalliser through the washing column are passed to a separation
unit which is preferably a centrifuge, such as a centrifuge of the pusher type. The separation unit preferably separates
sufficient liquid from the salt crystals to provide the salt crystals to a dryness of at least in the range of about 90-98 wt%,
i.e. containing no more than about 2-10 wt% moisture, such as in the range of 2-4 wt% moisture. The excess water
which is separated from the crystals is returned to the crystalliser. The obtained crystals can be further dried if desired.
[0040] As the minor minerals will reach a much higher concentration in the mother liquor than in the mixed brine, some
minerals will be comprised in the minor amount of liquid trapped within crystals (i.e. liquid that is not rinsed off from the
crystals) as this liquid has the same high concentration of minor minerals as the mother liquor. Thus the salt product will
contain all of the original minerals found in low concentration in the original brine. By rinsing the crystals in the wash
unit, it is however ensured that too much of concentrated minor minerals will not be deposited on the salt crystal surfaces.
[0041] In another aspect, the invention sets forth a system for producing salt following the process of the invention,
the system comprising as main components a mixing container (1) for mixing concentrated brine and potassium chloride,
a washing column (2) connected to the mixing container (1) through a conduit (3), a crystalliser (4) connected to said
washing column, and a separating unit (5), allowing crystals formed in the crystalliser to be fed through the washing
column to said separating unit, the system further comprising a conduit for feeding liquid separated from salt crystals in
said separating unit back to said crystalliser.

[0042] The crystalliser can be any of a suitable type of various types well known to the skilled person, including but
not limited to an open air crystalliser, a forced circulation crystalliser, a falling film crystalliser, an induced circulation
crystalliser, and a draft tube baffle crystalliser.

[0043] The conduit (3) feeding mixed brine from the mixing container includes a split, for directing at least a portion
of the fed mixed brine through the washing column. In some embodiments, substantially all of the mixed brine being
transferred is directed through the washing column, however in other useful embodiments, a portion of the transferred
mixed brine is directed through the wash unit, such as in a range as mentioned above. The remaining portion of the
transferred brine is transferred directly to the crystalliser without passing through the wash unit.

[0044] The system preferably comprises a control system with sensors and regulated switches for controlling one or
more of the following parameters: the flow rate of mixed brine from the mixing container, the level of mother liquor in the
crystalliser, the heat delivered to the crystalliser, and the ratio of mixed brine transferred through the washing column.

EXAMPLES

Example 1. "Life salt" containing 41 % NaCl, 41 % KCI, 1.9 % Mg besides trace minerals:

[0045]

1. A saturated mixture of NaCl, KCI and Mg-salts with density 1,25, containing 160 g/l NaCl (12,8%), 160 g/l KCI
(12,8%) and 7,4 g/l Mg (0,6%) as a mixture of MgCl, and MgSQy,, is prepared by evaporation of seawater following
addition of solid KCI to balance the concentration of NaCl. The ratio of main elements is: Na:K:Mg is 0,75:1:0,09.
2. Preparation of mother ligour: Saturated brine as described under step 1 is evaporated in an evaporator-crystalliser
with constant addition of brine, keeping the volume constant. The precipitated salt is washed with incoming brine
and removed constantly. No purge is taken from the system thereby securing the build-up of trace elements in the
mother liquor.

3. The mixture prepared in step 1 is added to the mother liquor in a crystalliser containing a solution of Na-
CI/KCI/MgCl,/MgSO, and trace minerals, saturated in regard to NaCl, KCI and Mg-salts. It contains 31,2 g/l NaCl,
29,8 g/l KCl and 92,3 g/l of Mg as a mixture of MgCl, and MgSO,.

4. Salt crystals coming from the crystalliser are washed with a part of the brine (1) in a washing column. A washing



10

15

20

25

30

35

40

45

50

55

EP 2 582 255 B1

factor is defined by the following ratio:
V.
w=—=
4

where V5 is volume of brine used for washing the salt and V, is volume of mother liquor from crystalliser.
[0046] The concentration of trace minerals in the moisture content of the salt (y) is based on the following assumptions:
- Trace minerals in the seawater brine (1) is 0,4 % of the total minerals i.e. accounts to 0,004 kg/kg salt.

- The outgoing salt contains the same amount of trace mineral in solution. If the salt contains 2 % moisture the
concentration of trace minerals in the moisture (x) will account to:

0,004
_900% 602 e
*=70.02 o/

- The content of trace minerals in the mother ligour (x) will be a function of the concentration in the moisture and the

washing factor.

[0047] Thisis shown in table 1 where the concentration of trace mineral in the salt moisture is shown as a function of
water content (%) and the concentration in the mother liquor as a function of the washing factor.

Table 1. Concentration of trace minerals in crystal moisture (y) and mother liquor (x) as a function of washing factor

Washing factor w
% moisture in salt y kg/l w=0 w=1
x kgl x kgl
2 0,20 0,20 0,40
3 0,13 0,13 0,26
4 0,10 0,10 0,20
5 0,08 0,08 0,16

Example 2. "Sea life salt" containing 67,7 % NaCl, 1,9 % KCI, 3.2 % Mg and trace minerals:

[0048]
1. A saturated mixture of NaCl, KCl and Mg-salts with density 1,22, containing 235 g/l NaCl(19,2 %), 10 g/l KCI (0,8
%) and 10,4 g/l of Mg (0,8 %) as a mixture of MgCl, and MgSQy,, is prepared by evaporation of seawater without
addition of KCI. The ratio of main elements is: Na:K:Mg is 17,8:1,0:2,0.
2. The mixture is added to mother ligour in a crystalliser containing a solution of NaCI/KCI/MgCl,MgSO, and trace
minerals saturated in regard to NaCl, KCIl and Mg-salts. It contains 31,2 g/l NaCl, 29,8 g/l KCl and 92,3 g/l of Mg as
a mixture of MgCl, and MgSO,.

3. The washing of the salt crystals is performed in a washing column as described in example 1.

Ratio of minerals in "life salt", from Example 1 and 2:

[0049] 1st assumption: The basic material in life salt is seawater containing Na:K:Mg in the ratios 8,3:0,3:1 and trace
minerals.
[0050] 2ndassumption: Varying ratios of the basic materials is made by addition of KCI, resulting in decreased amounts
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of NaCl, Mg-salts and trace minerals in proportion to added KCI.
[0051] The ratios are shown in table 2:

Table 2. Range of percentage of minerals in life salt

Substance Max. NaCl("sea life salt"; Example 2) | Min. NaCl("life salt"; Example 1)
NaCl 67,7 20
KCI 1,9 69,5
Mg-salts 28,4 8,4
Mg 3,2 0,9
Trace minerals 0,7 0,2

Claims

A process for preparing a salt product derived from sea water, comprising trace minerals from sea water, comprising
the steps of

(a) providing a concentrated brine from sea water,

(b) transferring the concentrated brine to a crystalliser unit,

(c) building up and maintaining a mother liquor substantially saturated in main salt constituents, including sodium
chloride, magnesium chloride, magnesium sulphate, potassium chloride and potassium sulphate,

(d) evaporating liquid from said crystalliser such that crystals of different salts form into particles with substantially
homogeneous composition including double salts,

(e) transferring crystals from said crystalliser through a wash unit, which is preferably a washing column, such
that said crystals are rinsed off mother liquor on the crystal surfaces that leaves the crystalliser with the crystals,
said rinsing performed with a rinsing liquid which is transferred after the rinsing to the crystalliser,

(f) collecting said rinsed crystals and transferring them to separating unit, which is preferably a centrifuge, where
excess liquid is removed from the crystals, and optionally drying the crystals, and

(g9) feeding back separated excess liquid to the crystalliser,

thereby obtaining a salt product comprising trace minerals.

The process of claim 1, wherein said concentrated brine from seawater is prepared by a process including a evap-
oration step to precipitate calcium sulphate, which is separated from the brine, and wherein said concentrated brine
comprises in the range of about 5-30 wt% salt concentration and preferably in the range of 15-30 wt% and more
preferably in the range of 25-30 wt%.

The process of claim 1 further comprising mixing potassium chloride with said concentrated brine from sea water
prior to the transferring to said crystalliser, wherein potassium chloride is preferably mixed with said brine to obtain
a mixed brine with a wt:wt ratio of K to Na in the range of about 1:27 to about 5:1.

The process of any of claims 1-3, wherein said rinsing liquid is selected from:

a) water,

b) a salt solution

c) at least a portion of said concentrated brine is used as said rinsing liquid by transferring at least a portion of
said concentrated brine as a counter current to the crystalliser through said wash unit, wherein said portion is
in the range of about 1 to 100% vol/vol of said concentrated brine.

The process of any of claims 1 to 4, wherein the content of trace minerals in the salt product substantially reflects
the concentration of said trace minerals in sea water.

The process of claim 3, wherein said salt product comprises in the range of 2-70 wt% KCI, and in the range of 20-68
wt% NaCl.
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The process of any of claims 1-6, wherein after an initial phase where saturation steady state is reached in the
crystalliser mother liquor, the mother liquor level is kept substantially constant by regulating inflow to the crystalliser
and temperature in the crystalliser is kept substantially constant.

The process of any of claims 1-7, wherein brine is not purged during operation, but rather material only leaves the
system as the salt product or soluble trace minerals obtained from the separation unit, and as vapors from the
crystalliser.

A system for producing salt comprising

- a brine container (1) for concentrated brine,

- a wash unit (2) connected to the container (1) with a conduit (3),

- a crystalliser (4) connected to said washing column, and

- a separating unit (5), allowing crystals formed in the crystalliser to be fed through the washing column to said
separating unit which is preferably a push type centrifuge,

- a conduit (6) for feeding liquid separated from salt crystals in said separating unit back to said crystalliser,

- a conduit (7) for feeding the brine from the washing column to the crystalliser,

- further a split conduit (8) allowing part of the brine to be fed directly to the crystalliser and part of it to the
washing column.

The system of claim 9, wherein said crystalliser is of a type selected from an open air crystalliser, a forced circulation
crystalliser, a falling film crystalliser, an induced circulation crystalliser, and a draft tube baffle crystalliser.

The system of claim 9 where evaporation and crystallisation is accomplished in separate units.

The system of claim 9, wherein the brine container (1) is configured to allow for addition of potassium chloride to
the concentrated brine.

The system of claim 9, without addition of KCI.
The process of claim 3 where potassium chloride is extracted from geothermal brine.
The process of claim 1, wherein said crystalliser comprises two units, an evaporating unit and a crystallising unit,

and wherein in step d), liquid evaporates from said evaporating unit and crystals form in said crystallising unit,
wherein said crystallising unit is preferably kept at a lower temperature than said evaporating unit.

Patentanspriiche

1.

Verfahren zum Herstellen eines aus Meerwasser abgeleiteten Salzprodukts, das Spurenelemente von Meerwasser
umfasst, und die folgenden Schritte umfasst:

(a) Bereitstellen einer konzentrierten Meerwasser-Sole,

(b) Ubertragen der konzentrierten Sole zu einer Kristallisatoreinheit,

(c) Aufbauen und Beibehalten einer Mutterlauge, die im Wesentlichen in den Hauptbestandteilen gesattigt ist
und die Natriumchlorid, Magnesiumchlorid, Magnesiumsulfat, Kaliumchlorid und Kaliumsulfat einschlief3t,

(d) Verdampfen der Flissigkeit aus dem Kristallisator, sodass die Kristalle der unterschiedlichen Salze Teilchen
mit einer im Wesentlichen homogenen Zusammensetzung bilden, die Doppelsalze einschlieft,

(e) Ubertragen der Kristalle von dem Kristallisator durch eine Wascheinheit, die vorzugsweise ein Waschturm
ist, sodass die Kristalle von Mutterlauge auf den Kristalloberflichen gespiilt werden, die den Kristallisator mit
den Kristallen verlasst, wobei das Spulen mit einer Spuilflissigkeit durchgeflhrt wird, die nach dem Spilten zu
dem Kiristallisator bertragen wird,

(f) Sammeln der gespiilten Kristalle und Ubertragen davon zur Abscheidereinheit, die vorzugsweise eine Zen-
trifuge ist, wobei die Uberschissige Flissigkeit von den Kristallen entfernt wird, und wahlweise Trocknen der
Kristalle und

(9) Zurtickfihren der abgeschiedenen Uberschissigen Flissigkeit in den Kristallisator,

wodurch ein Salzprodukt umfassend Spurenelemente erhalten wird.
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Verfahren nach Anspruch 1, wobei die konzentrierte Sole aus Meerwasser von einem Verfahren hergestellt wird,
das einen Verdampfungsschritt zum Ausféllen von Calciumsulfat aufweist, das aus der Sole abgeschieden wird,
und wobei die konzentrierte Sole eine Salzkonzentration in dem Bereich von etwa 5 bis 30 Gew.-% und vorzugsweise
in dem Bereich von 15 bis 30 Gew.-% und mehr bevorzugt in dem Bereich von 25 bis 30 Gew.-% umfasst.

Verfahren nach Anspruch 1, ferner umfassend das Mischen von Kaliumchlorid mit der konzentrierten Sole aus
Meerwasser vor dem Ubertragen davonin den Kristallisator, wobei Kaliumchlorid vorzugsweise mit der Sole gemischt
wird, um eine Mischsole mit einem Gew.-Verhéltnis von Kzu Nain dem Bereich von etwa 1:27 bis etwa 5:1 zu erhalten.

Verfahren nach einem der Anspriiche 1 bis 3, wobei die Spulflissigkeit ausgewahlt ist aus:

a) Wasser,

b) einer Salzlésung

c) mindestens einem Teil der konzentrierten Sole, die als Spillfliissigkeit durch Ubertragen von mindestens
einem Teil der konzentrierten Sole als Gegenstromung in den Kristallisators durch die Wascheinheit verwendet
wird, wobei der Teil in dem Bereich von etwa 1 bis etwa 100 % Vol/Vol der konzentrierten Sole liegt.

Verfahren nach einem der Anspriiche 1 bis 4, wobei der Gehalt an Spurenelementen in dem Salzprodukt im We-
sentlichen die Konzentration der Spurenelemente in Meerwasser widerspiegelt.

Verfahren nach Anspruch 3, wobei das Salzprodukt KCI in dem Bereich von 2 bis 70 Gew.-% und NaCl in dem
Bereich von 20 bis 68 Gew.-% umfasst.

Verfahren nach einem der Anspriiche 1 bis 6, wobei nach einer Anfangsphase, wahrend der der Sattigungszustand
in der Kristallisator-Mutterlauge erreicht wird, der Mutterlaugenfillstand im Wesentlichen konstant gehalten wird,
indem die Einstromung in den Kristallisator und die Temperatur in dem Kristallisator im Wesentlichen konstant
gehalten werden.

Verfahren nach einem der Anspriiche 1 bis 7, wobei die Sole wahrend des Betriebs nicht gereinigt wird, sondern
das Material das System vielmehr als Salzprodukt oder I6sliche Spurenelemente, die von der Abscheidereinheit
erhalten werden, und als Dampfe den Kristallisator verlassen.

System zum Herstellen von Salz, umfassend:

einen Solebehalter (1) fir konzentrierte Sole, eine Wascheinheit (2), die mit dem Behalter (1) Gber eine Leitung
(3) verbunden ist, einen Kristallisator (4), der mit dem Waschturm verbunden ist, und

eine Abscheidereinheit (5), die das Bilden von Kristallen in dem Kristallisator zulésst, die Gber den Waschturm
in die Abscheidereinheit eingeleitet werden, die vorzugsweise eine Schubzentrifuge ist,

eine Leitung (6) zum Zurickleiten von Flussigkeit, die aus den Salzkristallen in der Abscheidereinheit abge-
schieden wird, zu dem Kristallisator,

eine Leitung (7) zum Leiten der Sole aus dem Waschturm in den Kristallisator,

wobei ferner eine Trennleitung (8) erméglicht, dass ein Teil der Sole direkt in den Kristallisator und ein Teil
davon in den Waschturm geleitet wird.

System nach Anspruch 9, wobei der Kristallisator ausgewabhlt ist aus einem von Freiluftkristallisator, Zwangsum-
laufkristallisator, Fallstromkristallisator, Kristallisator mit induzierter Zirkulation und Leitrohrumlenkkristallisator.

System nach Anspruch 9, wobei die Verdampfung und das Kristallisieren in separaten Einheiten erreicht wird.

System nach Anspruch 9, wobei der Solebehalter (1) zum Ermdéglichen der Zugabe von Kaliumchlorid zu der kon-
zentrierten Sole konfiguriert ist.

System nach Anspruch 9 ohne Zugabe von KCI.
Verfahren nach Anspruch 3, wobei Kaliumchlorid aus Thermalsole extrahiert wird.

Verfahren nach Anspruch 1, wobei der Kristallisator zwei Einheiten umfasst, eine Verdampfungseinheit und eine
Kristallisiereinheit, und wobei in Schritt d) FlUssigkeit aus der Verdampfungseinheit verdampft und sich Kristalle in
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der Kristallisiereinheit bilden, wobei die Kristallisiereinheit vorzugsweise bei einer niedrigeren Temperatur gehalten
wird als die Verdampfungseinheit.

Revendications

Procédé pour préparer un produit de sel dérivé d’eau de mer, comprenant des oligo-éléments d’eau de mer, com-
prenant les étapes de

(a) production d’'une saumure concentrée a partir d’eau de mer,

(b) transfert de la saumure concentrée vers une unité de cristallisoir,

(c) accumulation et maintien d’'une liqueur mere sensiblement saturée en constituants principaux du sel, com-
prenant le chlorure de sodium, le chlorure de magnésium, le sulfate de magnésium, le chlorure de potassium
et le sulfate de potassium,

(d) évaporation du liquide a partir dudit cristallisoir de sorte que les cristaux de différent sels forment des
particules ayant une composition sensiblement homogéne comprenant des doubles sels,

(e) transfert de cristaux a partir dudit cristallisoir par I'intermédiaire d’'une unité de lavage, qui est de préférence
une colonne de lavage, de sorte que lesdits cristaux soient rincés de la liqueur mere sur les surfaces des cristaux
qui quitte le cristallisoir avec les cristaux, ledit ringage étant effectué avec un liquide de ringage qui est transféré
apres le ringage vers le cristallisoir,

(f) collectes desdits cristaux rincés et transfert de ceux-ci vers une unité de séparation, qui est de préférence
une centrifugeuse, ou I'exces de liquide est éliminé des cristaux, et facultativement séchage des cristaux, et
(g) recyclage de I'excés de liquide séparé vers le cristallisoir,

de maniere a obtenir un produit de sel comprenant des oligo-éléments.

Procédeé de la revendication 1, dans lequel ladite saumure concentrée d’eau de mer est préparée par un procédé
comprenant une étape d’évaporation pour précipiter le sulfate de calcium, qui est séparée de la saumure, et dans
lequel ladite saumure concentrée comprend une concentration de sel dans la plage d’environ 5 a 30 % en poids et
préférablement dans la plage de 15 a 30% en poids et plus préférablement dans la plage de 25 a 30 % en poids.

Procédé de la revendication 1 comprenant en outre le mélange de coeur de potassium avec ladite saumure con-
centrée d’eau de mer avant le transfert vers ledit cristallisoir, dans lequel le chlorure de potassium et de préférence
mélangée avec ladite saumure pour obtenir une saumure mixte avec un rapport poids:poids de K a Na dans la
plage d’environ 1:27 a environ 5:1.

Procédé de I'une quelconque des revendications 1 a 3, dans lequel ledit liquide de ringage est choisi parmi :

a) l'eau

b) une solution de sel

¢) au moins une partie de ladite saumure concentrée est utilisée en tant que ledit liquide de ringage par transfert
d’au moins une partie de ladite saumure concentrée en contre-courant vers le cristallisoir par I'intermédiaire de
ladite unité de lavage, ladite partie étantdans la plage d’environ 1 a 100 % vol./vol. de ladite saumure concentrée.

Procédé de I'une quelconque des revendications 1 a 4, dans lequel la teneur en oligo-éléments dans le produit de
sel reflete sensiblement la concentrations desdits oligo-éléments dans I'eau de mer.

Procédé de la revendication 3, dans lequel ledit produit de sel comprend dans la plage de 2 a 70 % en poids de
KCI, et dans la plage de 20 a 68 % en poids de NaCl.

Procédé de I'une quelconque des revendications 1 a 6, dans lequel, aprés une phase initiale dans laquelle un état
stationnaire de saturation est atteint dans la liqueur mére du cristallisoir, le niveau de liqueur mére est maintenu
sensiblement constant par régulation du débit d’entrée vers le cristallisoir et la température dans le cristallisoir est
maintenue sensiblement constante.

Procédé de I'une quelconque des revendications 1 a 7, dans lequel la saumure n’est pas purgée pendant le fonc-

tionnement, mais au lieu de cela, le matériau ne quitte le systéeme que sous la forme du produit de sel ou des oligo-
éléments solubles obtenus a partir de l'unité de séparation, et sous forme de vapeurs du cristallisoir.

10



10

15

20

25

30

35

40

45

50

55

9.

10.

1.

12.

13.

14.

15.

EP 2 582 255 B1
Systeme de production de sel comprenant

- un récipient de saumure (1) pour la saumure concentrée,

- une unité de lavage (2) raccordée au récipient (1) par une conduite (3),

- un cristallisoir (4) raccordé a ladite colonne de lavage, et

- une unité de séparation (5), permettant aux cristaux formés dans le cristallisoir d’étre transférés a travers la
colonne de lavage vers ladite unité de séparation qui est de préférence une centrifugeuse de type a poussée,
- une conduite (6) pour recycler le liquide séparé des cristaux de sel dans ladite unité de séparation vers ledit
cristallisoir,

- une conduite (7) pour transférer la saumure de la colonne de lavage vers le cristallisoir,

- en outre, une conduite de dérivation (8) permettant qu’une partie de la saumure soit transférée directement
dans le cristallisoir et une partie de celle-ci vers la colonne de lavage.

Systeme de la revendication 9, dans lequel ledit cristallisoir est d’'un type choisi parmi un cristallisoir a ciel ouvert,
un cristallisoir a circulation forcée, un cristallisoir a film tombant, un cristallisoir a circulation induite, et un cristallisoir
a déflecteur a tube d’aspiration.

Systeme de larevendication 9 dans lequel I'évaporation et la cristallisation sont effectuées dans des unités séparées.

Systeme de la revendication 9, dans lequel le récipient de saumure (1) est configuré de maniére a permettre 'ajout
de chlorure de potassium a la saumure concentrée.

Systeme de la revendication 9, sans ajout de KCI.

Procédé de la revendication 3 dans lequel le chlorure de potassium est extrait de saumure géothermique.
Procédeé de la revendication 1, dans lequel ledit cristallisoir comprend deux unités, une unité d’évaporation et une
unité de cristallisation, et dans lequel, dans I'étape d), le liquide s’évapore depuis ladite unité d’évaporation et des

cristaux se forment dans ladite unité de cristallisation, dans lequel ladite unité de cristallisation est de préférence
maintenue a une température plus basse que ladite unité d’évaporation.
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